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thus increasing medullary perfusion pressure and ulti-
mately minimizing potential spinal cord ischemia. This
adjunct therapy has become widely accepted and is fre-
quently used during TAAA repair. Potential complications
of lumbar drainage, including neurologic deficits, may be
devastating and must not be discounted by the surgeon or
anesthesiologist. The complications of drainage used for
this purpose should be considered in the decision to place
a lumbar subarachnoid catheter. Sequelae of spinal
epidural catheters for analgesia and lumbar drains for oto-
laryngologic and neurosurgical procedures have been
addressed in the literature11-15; complications of lumbar
drainage as an adjunct to TAAA repair have not. This is an
increasingly frequent procedure, and the potential risks
must be known to derive the overall benefit of drain place-
ment. We have reviewed the cases of TAAA repair at our
institution in which lumbar drainage was used in an
attempt to determine the frequency of complications and
any associated risk factors in this population.
ILLUSTRATIVE CASE
A 58-year-old white man presented to his urologist
with a history of abdominal pain initially attributed to pep-
tic ulcer disease that he had for several years. The evalua-
tion included an abdominal computed tomography (CT)
scan that demonstrated a Crawford type IV TAAA with
suprarenal and infrarenal components measuring 5.5 and
7.5 cm, respectively, and extension into both common
iliac arteries. All visceral branches were patent with mild
aneurysmal dilatation of the superior mesenteric artery.
Paraplegia after repair of thoracoabdominal aortic
aneurysms (TAAAs) remains a vexing problem. The oper-
ation may be a technical success only to have the patient
awaken with profound neurologic deficits. This frightful
outcome has been reported to be as high as 24% for
TAAAs involving the descending aorta and 40% in dissect-
ing aneurysms.1 Multiple therapies have been imple-
mented in an attempt to minimize this complication,
including cardiopulmonary and aortofemoral pump
bypass graft, reimplantation of lumbar and intercostal
arteries, hypothermia, evoked potential monitoring, pre-
operative angiographic identification of spinal cord feed-
ers, and a veritable pharmacopoeia of agents, all without
convincing evidence of significant benefit.2-5 Several
recent studies suggest a benefit to perioperative lumbar
drainage, but others question this result.6-10 The thora-
columbar spinal cord receives most of its blood supply
through radicular arteries classically described to be most
critical at T9 through L2.3 Cerebrospinal fluid (CSF)
drainage is hypothesized to decrease intrathecal pressure,
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Objectives: Paraplegia remains a frequent complication of thoracoabdominal aortic aneurysm (TAAA) repair. Many
adjunct therapies have been developed to address this complication. Lumbar drainage is frequently used in an attempt
to decrease intrathecal pressure and improve intramedullary perfusion pressure. The effectiveness of this therapy is
unclear, and the complications of lumbar drainage used for this indication are unknown. We present a case of
intraspinal hematoma with significant neurologic deficit after TAAA repair and review the associated complications of
lumbar drains placed for TAAA.
Methods: The charts of all patients undergoing operations for TAAA repair were reviewed. Patients who underwent peri-
operative placement of a lumbar drain were included regardless of aneurysm type or etiology. Demographics, Crawford
grade, and perioperative parameters and complications were reviewed.
Results: Sixty-five patients underwent TAAA repair with 62 (95%) receiving a preoperative lumbar drain. There were
two (3.2%) intraspinal hemorrhagic complications, including one patient with a poor neurologic outcome. No infec-
tions or other complications directly related to drainage were identified. Multivariate logistic regression analysis failed
to demonstrate a significant association between lumbar drain complications and perioperative and intraoperative
parameters such as blood loss or hypotension, level of drain placement, and Crawford grade.
Conclusions: Lumbar drainage is a frequent adjunct to TAAA repair. However, placement of the drain itself can be asso-
ciated with significant complications whose aggravating factors may be unidentifiable. Complications resulting from
lumbar drainage should be considered in any patient who has postoperative lower extremity neurologic deficits. (J Vasc
Surg 2001;34:623-7.)
However, subsequent arteriography demonstrated supra-
diaphragmatic extension, and the lesion was reclassified as
a type III aneurysm.
Before aneurysmorrhaphy, an epidural catheter was
placed at T6 through T7 without complications. A lumbar
drain was placed at L4 through L5, also without difficulty.
An appropriate perioperative waveform was obtained.
After initial dissection, the aneurysm was confirmed to be
a Crawford type III aneurysm. A cross-clamp was placed
on the middescending thoracic aorta. The aneurysm repair
was uneventful and included reimplantation of the celiac,
superior mesenteric, and right renal arteries as a single
cuff. The left renal artery was reimplanted separately. Two
small intercostal arteries near the proximal anastomosis
were oversewn. The right common iliac artery was unsuit-
able for grafting, and the right limb of the graft was tun-
neled to the groin and anastomosed to the right femoral
artery. The patient’s mental status remained poor immedi-
ately after the operation, and the decision was made to
continue lumbar drain for pressure monitoring in lieu of
an adequate neurologic examination. The drain was
removed once the patient awakened, and lower extremity
function could be assessed reliably. The lumbar drain was
removed on the sixth postoperative day. Lower extremity
strength was full bilaterally after drain removal. The next
day the patient demonstrated progressive lower extremity
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A 58 year-old man with type IV TAAA repair with subsequent paraplegia after removal of lumbar drain. A, T1- and (B)
T2-weighted sagittal magnetic resonance images of the lumbar spine demonstrating mass with signal characteristics of
extracellular methemoglobin compressing cauda equina. C, T1- and (D) T2-weighted axial magnetic resonance images.
On all images white arrows demonstrate hematoma and black arrows the compressed nerve roots of cauda equina.
A B
C D
paresis with loss of reflexes and rectal tone. Magnetic res-
onance imaging examination of the lumbar spine was
obtained. This study (Figure) demonstrated an acute
intradural hematoma compressing the cauda equina.
Coagulation parameters remained within normal limits
during the perioperative period. The patient was taken for
emergency L2 through L5 laminectomies for compression
of the neural elements, and the radiographic findings were
corroborated. Postoperatively, there was minimal
improvement in the patient’s lower extremity and bowel
function.
PATIENTS AND METHODS
After approval by the University of North Carolina-
Chapel Hill School of Medicine Institutional Review
Board, a retrospective chart review was conducted.
Patients were identified by searching both hospital and
division records for codes of the International
Classification of Diseases, Ninth Revision for TAAA.
Inclusion criteria were operation for TAAA and perioper-
ative lumbar drainage. Lumbar drainage catheters were
placed by the anesthesia team with the use of standard
technique. Briefly, a 14-gauge Touhy needle was inserted
into the lumbar subarachnoid cistern preferentially at the
L4 to L5 interspace. Once CSF flow from the needle was
confirmed, the needle was angled cephalad, and a standard
Medtronic (Goleta, Calif) lumbar drain catheter was
inserted 30 cm. Data were collected for basic demograph-
ics, level of lumbar drainage and spinal epidural catheter
placement, comorbidities, intraoperative fluid and blood
requirements, blood loss, and intraoperative and postop-
erative complications.
Analysis of the data was performed with StatView
(SAS Institute, Inc, Cary, NC). Multivariate logistic
regression analysis was used to determine the contribution
of multiple independent variables to the occurrence of
lumbar drain–related complications.
RESULTS
Demographics and patient characteristics. Between
July 1991 and April 1998, 65 patients underwent opera-
tion for TAAA with 62 (95%) having preoperative place-
ment of lumbar drains. All aneurysm etiologies were
included in the review with five dissections and two trau-
matic aneurysms (8.1% and 3.2% of total, respectively).
The mean age of patients was 67.1 years. Forty-five (69%)
of the patients were male, and 20 (31%) were female. The
Crawford grade of the aneurysm was available for all
patients (types I-IV: 8%, 16.1%, 32.2%, and 43.5% of
patients, respectively).
Lumbar drain characteristics and complications.
The level at which lumbar drains were placed was available
for 28 patients (45%; Table). The drains were removed on
mean postoperative day 2.4 (range, 1-6 days). Drainage
parameters such as high, low, and mean pressures, and vol-
ume of CSF drained were incompletely documented and
thus were not analyzed. Two complications (3.2%)
occurred directly as a result of lumbar drainage, both
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intradural hematomas at the insertion site (one the index
case), with only the index case requiring operative decom-
pression. There were no cases of meningitis or infections
related to catheter placement. Fifty-six (90%) of 62
patients had preoperative placement of spinal epidural
catheters for anesthesia. There were no complications
associated with these catheters.
Surgical variables and complications. Intraoperative
variables and complications and postoperative complica-
tions were investigated. The overall mortality rate was 8.1%
(5/62 with 2 intraoperative and 3 postoperative deaths).
Two deaths resulted from emergency operations, one each
for traumatic rupture and dissection. Thus, the mortality
rate for elective procedures was 4.8% (3/62). Six (9.7%) of
62 patients had postoperative lower extremity paresis.
Eleven patients (17%) underwent reimplantation of inter-
costal arteries. Of the five patients with postoperative neu-
rologic deficits, two (40%) underwent intercostal
reimplantation. No perioperative factors were shown by
multivariate logistic regression analysis to contribute signif-
icantly to complications of lumbar drainage for this specific
indication. Similarly, aneurysm Crawford grade, intercostal
reimplantation, and placement site of the lumbar drain had
no effect on complications, including neurologic, as deter-
mined by multivariate logistic regression analysis.
DISCUSSION
Paraplegia after TAAA repair remains a complication
of this procedure despite significant research directed
toward improving patient outcome. Frequently, the
aneurysmorrhaphy itself is technically uncomplicated, but
the patient awakens paralyzed with no perioperative or
intraoperative factors identified to explain this disappoint-
ing result.16 Many advocate perioperative lumbar drainage
in an attempt to optimize spinal cord perfusion pressure.
However, when one makes the decision to drain or not, it
is imperative to understand that lumbar drainage itself is
not a benign procedure. Complications from lumbar
drainage may mimic signs of iatrogenic spinal cord
ischemia, and this may result in a delay in diagnosis.
The paraplegia rate after TAAA repair is proportional
to the extent of the aneurysm/repair and number of inter-
segmental vessels interrupted with Crawford type II
aneurysms, having both the highest mortality and paraple-
gia rates.1,17,18 A more extensive resection increases the
probability of a significant time of spinal cord ischemia by
either decreased arterial inflow or impaired venous outflow.
Regardless of mechanism, the result is spinal cord injury
and some compromise of lower extremity or bowel and
Level of lumbar drain placement
Level n % (total n recorded = 28)
L2-L3 6 21.4%
L3-L4 15 53.6%
L4-L5 7 25%
bladder dysfunction. This neuronal injury may be con-
firmed intraoperatively by changes in spinal somatosensory
evoked potentials19-21 and CSF lactate.22
Although CSF pressure increases significantly after
aortic cross-clamping, no correlation between this increase
and increased paraplegia has been consistently docu-
mented.22 The hypothesis that decreased intrathecal pres-
sure by CSF drainage will compensate for decreases in
arterial inflow and maintain a reasonable medullary perfu-
sion pressure has prompted a sizable number of studies
addressing this adjunctive therapy with demonstration of
its utility.6-9 A recent review by Coselli et al23 suggests that
an 80% relative risk reduction in paraplegia and parapare-
sis may be obtained with spinal drainage in patients under-
going operations for type I and II aneurysms. Neurologic
deficits due to delayed postoperative spinal cord ischemia
have also been identified. Work by Safi et al24 and
Azizzadeh et al25 has shown that these deficits may be
reversed if aggressive lumbar drainage is instituted imme-
diately after recognition of the neurologic deterioration.
Preoperative placement of lumbar drains by the anesthesi-
ology team is now as frequent an antecedent to TAAA
repair as is placement of a spinal epidural catheter. The
risks of the latter in this and similar patient populations
have been well characterized, whereas those of the former
have not.14 In general, lumbar drains appear to be well
tolerated with most of the complications associated with
the primary neurologic or otolaryngologic disorder for
which the drain was originally placed.13,15 Infections and
complications of lumbar drains placed for these indications
are under 5%.26 However, the patient population under-
going preoperative lumbar drain placement for TAAA
repair is significantly different, and the findings for other
disease categories is unlikely transferable to this specific
group.
There were two complications of lumbar drainage for
TAAA at our institution, occurring in 3.2% of the 62
patients with drains placed. As the paralysis rate of less
than 10% compares favorably with that reported in the lit-
erature, the overall mortality rate is higher and may be due
to the inclusion of emergency procedures, post-traumatic
aneurysms, and dissections in the analysis. The small num-
ber of events and low power of this study confound the
ability to find significant associated factors and likely con-
tribute to the high P values derived from the multivariate
logistic regression analysis. Coagulopathy, hypotension,
intraoperative fluid and blood losses/requirements, and
the extent of the pathologic condition could all be
expected to contribute to both postoperative paralysis and
lumbar drain complication rates. Even more concerning is
the lack of any identifiable factors associated with the large
intradural hematoma that developed in the index case, as
is frequently also the case with postoperative paralysis.
Recovery of significant neurologic function after spinal
cord ischemia due to traumatic or iatrogenic aortic injury
is unfortunately minimal.27
Evaluation of the patient after TAAA with delayed
neurologic deficits is relatively straightforward. The
appearance of blood in the drainage system is an insensi-
tive finding for hematoma because the hematoma may be
epidural and thus outside of the CSF space. Similarly, a
lumbar catheter accidentally directed cephalad may fail to
disclose a dependent hematoma in the lumbosacral sub-
arachnoid cistern. Also, clotted blood may not drain exter-
nally and may result in catheter malfunction. The best
method for differentiating between ischemia and
hematoma-induced neurologic compromise is with mag-
netic resonance imaging. Ischemia causes increased signal
on T2-weighted and diffusion sequences, and the presence
of blood and its relative age may be determined by differ-
ential signal intensities on T1- and T2-weighted images.
However, magnetic resonance imaging may not be feasi-
ble in the critically ill patient. Under these circumstances,
an emergency CT scan of the spine is recommended. An
intraspinal hematoma will be visualized, but ischemia will
not. In the presence of delayed neurologic deficits and
negative CT findings, a presumptive diagnosis of delayed
ischemia should be made and lumbar drainage urgently
initiated.
CONCLUSIONS
Lumbar drainage has become a frequent adjunct to
TAAA repair in an attempt to decrease the significant rate
of postoperative paralysis and its associated devastating
effect on quality of life. The literature is replete with stud-
ies addressing the benefits, or lack thereof, of perioperative
drainage, and further speculation about its merits is
beyond the scope and design of this study. This technique
ultimately may be proven to decrease paralysis rates, but a
solution to this debate is not addressed in this paper.
However, in the meantime, the small but real complica-
tion rate of lumbar drainage should be considered when
making the decision to include this intervention in surgi-
cal therapy for TAAA. Any postoperative decrease in lower
extremity neurologic functioning should not be assumed
to be only a result of thromboembolic or delayed ischemic
complications. The possibility of other intraspinal patho-
logic conditions due to lumbar drainage must also be con-
sidered and should be vigorously investigated with CT or
magnetic resonance imaging when it occurs during the
postoperative period.
REFERENCES
1. Lintott P, Hafez, HM, Stansby G. Spinal cord complications of tho-
racoabdominal aneurysm surgery. Br J Surg 1998;85:5-15.
2. Matsui Y, Shiiya N, Ishii K, Murashita T, Sasaki S, Sakuma M, et al.
The reliability of evoked spinal cord potentials elicited by direct stim-
ulation of the cord as a monitor of spinal cord ischemia during tem-
porary occlusion of the thoracic aorta. Panminerva Med 1997;39:7
8-84.
3. Connolly JE. Prevention of spinal cord complications in aortic
surgery. Am J Surg 1998;176:92-101.
4. Bachet J, Guilmet D, Rosier J, Cron C, Dreyfus G, Goudot B, et al.
Protection of the spinal cord during surgery of thoraco-abdominal
aortic aneurysms. Eur J Cardiothorac Surg 1996;10:817-25.
5. Savader SJ, Williams GM, Trerotola SO, Perler BA, Wang MC,
Venbrux AC, et al. Preoperative spinal artery localization and its rela-
tionship to postoperative neurologic complications. Radiology
1993;189:165-71.
JOURNAL OF VASCULAR SURGERY
626 Weaver et al October 2001
6. Safi HJ, Bartoli S, Hess KR, Shenaq SS, Viets JR, Butt GR, et al.
Neurologic deficit in patients at high risk with thoracoabdominal aor-
tic aneurysms: the role of cerebral spinal fluid drainage and distal aor-
tic perfusion. J Vasc Surg 1994;20:434-43.
7. Safi HJ, Campbell MP, Miller CC III, Iliopoulos DC, Khoynezhad A,
Letsou GV, et al. Cerebral spinal fluid drainage and distal aortic per-
fusion decrease the incidence of neurological deficit: the results of 343
descending and thoracoabdominal aortic aneurysm repairs. Eur J Vasc
Endovasc Surg 1997;14:118-24.
8. Crawford ES, Svensson LG, Hess K, Shenaq SS, Coselli JS, Safi HJ, et
al. A prospective randomized study of cerebrospinal fluid drainage to
prevent paraplegia after high-risk surgery on the thoracoabdominal
aorta. J Vasc Surg 1991;13:36-46.
9. Murray MJ, Bower TC, Oliver WC Jr, Werner E, Gloviczki P. Effects
of cerebrospinal fluid drainage in patients undergoing thoracic and
thoracoabdominal aortic surgery. J Cardiothorac Vasc Anesth 1993;
7:266-72.
10. McCullogh JL, Hollier LH, Nugent M. Paraplegia after thoracic aor-
tic occlusion: influence of cerebrospinal fluid drainage—experimental
and early clinical results. J Vasc Surg 1988;7:153-60.
11. Gutierrez SP, Masfarre SC, Dunque CHC, Suescun M, Canellas AR.
Hyperacute spinal subdural hematoma as a complication of lumbar
spinal anesthesia: MRI. Neuroradiology 1999;41:910-4.
12. Schmidt A, Nolte H. Subdural and epidural hematoma following
epidural anesthesia: a literature review. Anaesthesist 1992;41:278-84.
13. Snow RB, Kuhel W, Martin SB. Prolonged lumbar spinal drainage
after the resection of tumors of the skull base: a cautionary note.
Neurosurgery 1991;28:880-3.
14. Fitzgibbon DR, Glosten B, Wright I, Tu R, Ready B. Paraplegia,
epidural anesthesia, and thoracic aneurysmectomy. Anesthesiology
1995;83:1355-9.
15. Roland PS, Marple BF, Meyerhoff WL, Mickey B. Complications of
lumbar spinal fluid drainage. Otolaryngol Head Neck Surg 1992;
107:564-9.
16. Doppman JL. Paraplegia after surgery for thoracoabdominal aneurysms:
Russian roulette for the vascular surgeon. Radiology 1993;189:27-8.
17. Jacobs MJHM, Myhre HO, Norgren L. Thoracoabdominal aortic
surgery with special reference to spinal cord protection and perfusion
techniques. Eur J Vasc Endovasc Surg 1999;17:253-6.
JOURNAL OF VASCULAR SURGERY
Volume 34, Number 4 Weaver et al 627
18. Griepp RB, Ergin MA, Galla JD, Lansman S, Khan N, Quintana C.
Looking for the artery of Adamkiewicz: a quest to minimize para-
plegia after operations for aneurysms of the descending thoracic 
and thoracoabdominal aorta. J Thorac Cardiovasc Surg 1996;112:
1202-15.
19. Grabitz K, Sandmann W, Stuhmeier K, Mainzer B, Goedhardt E,
Ohle B, et al. The risk of ischemic spinal cord injury in patients under-
going graft replacement for thoracoabdominal aortic aneurysms. J
Vasc Surg 1996;23:230-40.
20. Guerit J-M, Witdoeckt C, Verhelst R, Matta AJ, Jacquet LM, Dion
RA. Sensitivity, specificity, and surgical impact of somatosensory
evoked potentials in descending aorta surgery. Ann Thorac Surg
1999;67:1943-6.
21. Qayumi KA, Janusz MT, Jamieson EWR, Chow VDW, Dry GMH.
Transcranial magnetic stimulation: use of motor evoked potentials in
the evaluation of surgically induced spinal cord ischemia. J Spinal
Cord Med 1997;20:395-401.
22. Drenger B, Parker SD, Frank SM, Beattie C. Changes in cerebrospinal
fluid pressure and lactate concentrations during thoracoabdominal
aortic aneurysm surgery. Anesthesiology 1997;86:41-7.
23. Coselli JS, LeMaire SA, Schmittling ZC, Köksoy C. Cerebrospinal
fluid drainage in thoracoabdominal aortic surgery. Semin Vasc Surg
2000;14:308-14.
24. Safi HJ, Miller CC III, Azizzadeh A, Iliopoulos DC. Observations on
delayed neurologic deficit after thoracoabdominal aortic aneurysm
repair. J Vasc Surg 1997;26:616-22.
25. Azizzadeh A, Huynh TTT, Miller CC III, Safi HJ. Reversal of twice-
delayed neurologic deficits with cerebrospinal fluid drainage after tho-
racoabdominal aneurysm repair: a case report and plea for a national
database collection. J Vasc Surg 2000;31:592-8.
26. Coplin WM, Avellino AM, Kim DH, Winn HR, Grady MS. Bacterial
meningitis associated with lumbar drains: a retrospective cohort study.
J Neurol Neurosurg Psychiatry 1999;67:468-73.
27. Waters RL, Sie I, Yakura J, Adkins R. Recovery following ischemic
myelopathy. J Trauma 1993;35:837-9.
Submitted Feb 26, 2001; accepted May 4, 2001.
